Purpose of Review Gastrointestinal transmural defects are defined as total rupture of the gastrointestinal wall and can be divided into three main categories: perforations, leaks, and fistulas. Due to an increase in the number of therapeutic endoscopic procedures including full-thickness resections and the increase incidence of complications related to bariatric surgeries, there has been an increase in the number of transmural defects seen in clinical practice and the number of non-invasive endoscopic treatment procedures used to treat these defects. Recent Findings The variety of endoscopic approaches and devices, including closure techniques using clips, endoloop, and endoscopic sutures; covering techniques such as the cardiac septal occluder device, luminal stents, and tissue sealants; and drainage techniques including endoscopic vacuum therapy, pigtail, and septotomy with balloon dilation are transforming endoscopy as the first-line approach for therapy of these conditions. Summary In this review, we describe the various transmural defects and the endoscopic techniques and devices used in their closure.
Introduction
Gastrointestinal (GI) transmural defects are defined as total rupture of the gastrointestinal wall and are divided into three main categories: perforations, leaks, and fistulas [1, 2] .
A GI perforation is defined as an acute rupture of the gastrointestinal wall and may occur as a result of endoscopic procedures, including endoscopic resections, dilation of stenosis or barotrauma. They also occur due to diseases such as Boerhaave's syndrome, active ulceration, diverticulitis, and appendicitis [1, 3] .
A GI leak is a communication between intra-and extraluminal compartments due to a defect in the GI wall and often occur after surgery. Leaks are often located at the suture and anastomosis line [4, 5] .
A GI fistula is defined as an abnormal communication between two epithelialized surfaces. The most common causes include chronic inflammatory causes, malignance, and untreated long-term leak. Fistulas can be divided into internal and external fistulas. An internal fistula is between an abdominal organ and another organ and external fistula is between an abdominal organ and the body surface [4, 5] .
Recognition of perforations, leaks, and fistulas are essential for choosing the best treatment modality. Endoscopic closure is the most commonly used therapeutic procedure used in the treatment of an iatrogenic perforation. Endoscopic techniques have been shown to be highly effective in reducing morbidity and mortality in the treatment of all GI wall defects [2, 6, 7] .
When determining the appropriate endoscopic approach for closure of luminal defects, certain fundamental principles should be considered. Undrained collections should be drained radiologically, surgically, or endoscopically. In many cases, endoscopic therapy can be used to interrupt or drain the flow of luminal contents through a GI defect. Several features must be considered to optimize outcomes, including defect size, shape of margin, viability of the surrounding tissue, and location of the wall defect. In this review, we discuss the devices and techniques used in the management of endoscopic closure of transmural wall defects [5, 8••, 9] .
Endoscopic devices used in the closure of wall defects
Novel technologies and techniques are being developed that can be used in the treatment of transmural defects. The various devices include through-the-scope clips (TTSC), cap-mounted clips, covered self-expandable metal stents (CSEMS), tissue sealants, endoscopic sutures, cardiac septal defect occluders, septotomies, balloon dilators, endoscopic internal drainage with double pigtails (EID), and endoscopic vacuum therapy (EVT) [10] [11] [12] 13 ••, 14 -22] . The devices that are frequently used for closure of defects are summarized in Tables 1  and 2 and are shown in Fig. 1 .
Management of gastrointestinal perforations based on anatomical location
Most GI perforations can be treated endoscopically. Perforations frequently occur in healthy tissue, which allows for excellent tissue approximation and promotes healing. A GI perforation is an emergency that require close monitoring even after endoscopic defect closure. The key to treatment is promptly identifying the defect and determining whether an endoscopic or surgical approach should be used. Management of life-threatening complications associated with GI perforations is critical [1, 5, 23] . When a perforation is suspected, the patient should be immediately stabilized, especially in regard to air under pressure, which can cause pneumoperitoneum, pneumothorax, pneumomediastinum, and pneumopericardium which requires urgent needle decompression. It is best to switch to carbon dioxide insufflation because this may prevent this tension, decreasing distention and rapidly diffusing after the defect is Easily to perform Risk of perforation closed. The endoscopist must also be confident that there is no extraluminal contamination before proceeding with endoscopic closure [1, 10, 23, 24] .
There are a variety of different endoscopic closure techniques and devices that can be used depending on defect location and size, timing of recognition and endoscopist expertise. Recent systematic reviews and meta-analysis demonstrated an 89.9% success rate in GI perforation endoscopic closure, with a success rate of 90.2% for TTSC and 87.8% for cap-mounted clips. Suturing demonstrated a 100% success rate in closing colonic perforations. These studies suggest that endoscopic closure is both safe and effective and should be considered an alternative to surgery in select cases [25•, 26, 27] .
Below, we describe endoscopic closure techniques based on anatomical location.
Esophagus
For small perforations, TTSCs are indicated. However, for small perforations with everted edges, cap-mounted clips should be used. For large perforations or defects associated with esophageal stenosis, CSEMS is indicated. . suturing a defect with endoscopic suture device; 5. cardiac septal occluder sealing a chronic fistula after a sleeve gastrectomy; 6. tissue sealants: cianoacrylate to closure fistula tract after endoscopic fistula closure; 7. luminal bariatric stent for covering a sleeve gastrectomy fistula; 8. "septum" between defect and lumen after a sleeve gastrectomy; 9. achalasia balloon dilation after septotomy; 10. internal drainage with double pigtail stents; 11. endoscopic vacuum therapy (EVT); 12A. granulation tissue in the fistula tract during EVT, B. esophageal scar (arrow) at site of prior fistula, after successful closure with EVT Endoscopic suturing techniques are also indicated for large complex wall defect [10, 23] .
It is important to emphasize that partially, CSEMS have lower migration rates. However, they are more challenging to remove, frequently making necessary the use of APC, EMR, or the stent over stent technique. The fully CSEMS are easier to remove; however, they are associated with a higher risk of stent migration and therefore stent fixation using suturing techniques or capmounted clips is recommended. It is worth mentioning that endoscopic techniques in the proximal esophagus such as stent placement or endoscopic suturing are challenging both because of the small space and the intolerance of the patients, and for this reason, conservative treatment can be considered in stable patients [1, 13••, 28] .
Stomach
Most acute perforations are small and occur during endoscopic resections. Frequently, they can be successfully managed with TTSC and cap-mounted clips. In larger defects, endoscopic suturing and the omental patch closure techniques appear to be the best treatment modalities. Other options include clipping plus endoloop (this is best performed by opening the endoloop to encircle the defect and then clipping the endoloop in the place with numerous TTSC prior to closing the endoloop) and cap-mounted clips [23, 29, 30] .
Duodenum and biliary tract
The endoscopic treatment of duodenum and biliary perforations based on Stapfer et al. classification [31] are described below:
Type I (perforation of duodenal wall): due to biliopancreatic secretions, immediate diagnosis and repair are needed. For small perforation, TTSC or cap-mounted clips are useful; however, it may be challenging due to the position of the endoscope. Larger perforations frequently require immediate surgery; however, depending on the skill of the endoscopist, suturing devices or endoloop technique can also be used. In select cases, a nasoenteral drain to divert pancreatobiliary fluids may be beneficial in the management of small bowel perforations [23, 31, 32] .
Type II (peri-ampullary perforation) often occur during sphincterotomy or ampulectomy. Fully CSEMS and TTSC are the best options. The repair of periampullary defects with TTSC may be challenging due to the position of the endoscope. Surgical treatment is also an option depending on the patient clinical condition [23, 31, 32] .
Type III (bile duct perfurations) are frequently small defects and treatment with adequate drainage is sufficient, so biliary stent placement is the best option [23, 31, 32] .
Type IV (retroperitoneal microperforations) results from air leakage to the retroperitoneum with no obvious site of perforation. Frequently, conservative treatment is sufficient; however, sometimes percutaneous drainage is needed if the patient presents with infected collection [23, 31, 32] .
Colorectal
As in other organs, small perforations can be closed with clips (TTSC or capmounted clips). For large defects, endoscopic suture has been well described with efficacy rivaling TTSC. Endoloop closure technique has also been used [25•, 26, 27, 33, 34] .
After endoscopic closure, further management should be dictated by the patient's clinical condition. In cases where endoscopic treatment fails or in patients with deteriorating clinical status, hospitalization and surgical consultation should be pursued. Asymptomatic perforations recognized after 24 h from the procedure can be managed conservatively [24, 25•] .
Post-endoscopic closure antibiotics, no oral diet, hydration, and pain medications are required. Some patients also require drainage of fluid collections which can be performed surgically or percutaneously. Parenteral nutrition is recommended in patients with who cannot tolerate PO intake for ≥ 7 days. Patients should be monitored for signs of sepsis and peritonitis that may require urgent surgical intervention [23, 24, 35] .
Urgent surgery is preferred only when the perforation is large, there is peritoneal contamination, generalized peritonitis, sepsis, or deteriorating clinical condition [36] [37] [38] [39] .
Radiologic studies are also indicated after perforation closure, including imaging with soluble contrast and computed tomography which can demonstrate persistent leaks and detect extraluminal air, fluid collections or bleeding [23, 38, 39] .
In summary, for small perforations of the GI tract, TTSC or cap-mounted clips should be used and for larger perforations, endoscopic suturing appears to be most effective. However, other different modalities can also be considered including endoloop technique and stents (Algorithm 1).
Management of gastrointestinal leaks and fistulas
The clinical presentation of patients with GI leaks varies and frequently depends on if a surgical drain is in place. If a drain is in place, the leak can be identified early because there will be excessive drainage. If a drain is absent, the presentation of the leak is almost always infectious and related to the collection of liquid in sterile spaces [1, 8••, 40] .
The first step in diagnosing a leak or fistula is performing a thorough medical history and physical examination. Gastrointestinal leaks typically occur post surgically and represents an unnatural communication between intra-and extraluminal compartments. A gastrointestinal fistula is an unnatural communication between the gut and hollow viscera and can result from a prolonged anastomotic leak. Patients often present with pain and fever; however, often times patients are asymptomatic. The source and route of the leak or fistula must be determined. Enterocutaneous fistula may be diagnosed based on physical examination as they often communicate with the skin. Internal GI fistula are more difficult to diagnose and a contrast fistulagram, CT, MRI and radionuclide test may be beneficial [40] [41] [42] .
If conservative management is pursued, resuscitation and management of sepsis is important. Sepsis complications are the primary cause of mortality in patients with fistula. Successful control of sepsis is critical and depends on elimination of septic foci via image-guided drainage and use of antibiotics [40] [41] [42] .
Endoscopic closure of a GI leak or fistula represents a major advancement in the treatment of patients. An appropriate endoscopic approach to leak and fistula closure includes several basic principles. Undrained cavities and collections of fluid must be initially drained. The size, viability of the surrounding tissue, and the location of the defect should be defined. After this, the best endoscopic therapy for the patient can be chosen, which involves either closure, covering, or draining the flow of luminal contents through the GI defect [40] [41] [42] . Algorithm 2 can be used to approach patients with GI leaks and fistulas.
Management of gastrointestinal leaks
The most common endoscopically treated anastomotic surgical leak sites are as follows: esophagojejunal after total gastrectomy and esophagogastric after distal esophagectomy in the upper GI tract; gastric after sleeve gastrectomy after bariatric procedures and gastrojejunal after Roux-en-Y gastric bypass (RYBG); and colocolonic/colorectal after left colon resection, coloanal anastomosis after low anterior resection, and ileoanal pouch anastomosis after proctocolectomy. Below, we discussed these leaks based on position within the GI tract. The success rate decreases with the interval between the initial surgery and endoscopic treatment. Surgical options to treat a chronic gastric leaks are technically challenging and therefore unsuccessful in many cases [20, 41, 42] .
Upper GI leaks Esophagogastric and esophagojejunal leaks
Esophagogastric or jejunal anastomosic leaks are associated with a high postoperative mortality rate. These complications vary between 3 and 11% after total gastrectomy and between 3 and 25% after esophagectomy [43] [44] [45] [46] [47] [48] . 
Algorithm 1. Endoscopic closure in acute perforationpptx
The most commonly used endoscopic therapies in the upper GI leaks are placement of CSEMS and cap-mounted clips. TTSC are rarely used since they are not adequate (small and limited closure strength) to close most leaks. When the leak is diagnosed early, CSEMS is the best option, since it works much better in early leaks, presenting an average clinical success rate of 81% [1, 49] . However, the CSEMS have several related adverse effects, including patient intolerance which often occurs when the proximal margin is close to the cricopharynx, and migration which occurs in about 20.8% of cases. The migration rates can be decreased with fixation of the proximal flange of the stent, either with suturing devices, cap-mounted clips, or nasal bridle technique. Metal stents present superior results compared to plastic stents, with less stent migration and reinterventions. Other complications such as bleeding or perforation related to the stent may occur, but those rare (2%) [50] . Cap-mounted clips can also be used; however, its indications are limited to small defects in healthy tissue that occur shortly after surgery. The combination of methods such as glues, suturing, and cap-mounted clips with stents can also be performed [51•, 52, 53] .
In cases where conventional endoscopic treatment is not successful, endoscopic vacuum therapy (EVT) and internal drainage with pigtails have been used effectively. EVT is a technique that allows internal drainage, thus controlling the infection and promoting tissue healing [20, 41, 54, 55] . EVT is frequently used for gastroesophageal leaks with clinical success higher than 80%. The major problem with EVT is that every 4 to 5 days, the patient undergoes a new endoscopic procedure to exchange the sponge system [54, 55, 56••] . A recent study which included patients with anastomotic insufficiency secondary to esophagectomy or gastrectomy demonstrated 94.2% success of EVT, with a mean of six sponge system changes per patient; however, this study warned about the use of this technique reporting two deaths due to a fatal hemorrhage related to EVT [56••] . Recent systematic review and meta-analysis comparing EVT with esophageal stent demonstrated superior closure rate and shorter treatment time in favor of EVT [57] .
A case series examining the association of sponge and stents was recently published. The technique, called stent-over-sponge (SOS), showed similar results, with a success rate of 71.4% as a first-line treatment and 80% as a second-line treatment, with no adverse events [58] .
The internal drainage with double pigtails is an alternative technique that can be used and it is easy to perform. Selective catheterization of the leak is performed and a double pigtail stent deployed, providing internal drainage, thus allowing tissue healing and leak and/or cavity closure. In the first series including leaks in various types of surgery, technical success was achieved in 100% of patients with a clinical success 82% [41] .
Bariatric surgery-associated leaks
Obesity is a worldwide pandemic and bariatric surgery is the most effective treatment modality. Despite satisfactory clinical results associated with surgery, the number of complications after bariatric surgeries has increased due to broad adoption of the procedures [8, 59] .
The Roux-en-Y gastric bypass (RYGB) is traditionally the most performed surgery worldwide; however, due to the "easier technique" of the procedure compared to RYGB, the popularity of laparoscopic sleeve gastrectomy (LSG) is rapidly increasing and according to the American Society for Metabolic and Bariatric Surgery, it is already the most performed surgery in the USA [13, 21, 60] .
Leaks are the most common complications associated with bariatric surgery, with rates varying from 0.4 to 5.6% after RYGB and 1.9 to 5.3% after LSG. The leak rates increase following revision surgeries [61] [62] [63] [64] [65] .
Understanding the surgical anatomy, post procedural complications, and endoscopic techniques for optimal management is essential. Mainly in bariatric surgeries, it is essential to treat the distal obstruction, either with balloon dilators or luminal stents, and to remove foreign bodies from the leak site such as staples, sutures, and external drains that may be close to the defect [8, 63] .
Roux-en-Y gastric bypass
The leaks after RYGB may appear in several sites such as the gastric pouch, the gastrojejunal anastomosis (GJA), the excluded stomach and occasionally in the blind portion of the Roux limb and the jejunojejunal anastomosis. Precise diagnosis of the fistula site, either by imaging or endoscopic diagnosis is essential prior to any therapy [8, 62] .
Treatment with CSEMS is effective in the treatment of acute proximal leaks, including gastric pouch and GJA leaks, and the indicated CSEMS time ranges from 3 to 6 weeks, with an overall success of 76.1%. It is important to note that the stent migration rate is about 30%; thus, physicians should consider proximal stent fixation, either with endoscopic suturing or cap-mounted clips or with the nasal bridle technique [13, 14, 28, 61, 66, 67] . When GJA stenosis is present, it is essential to treat distal obstruction, either with CRE balloon (do not over dilate 9 15 mm) or luminal stents, including lumen apposing metal stents which are less likely to migrate and theoretically also can be used in the treatment of GJA leaks [68, 69] .
Leaks in other topographies are not good candidates for stent placement and have worse outcomes. In the literature, some case series describe several options for endoscopic treatment of these leaks, including TTSCs, cap-mounted clips, suturing devices and tissue sealants [40, 70] .
Asymptomatic gastrogastric fistulas can be managed with the use of proton pump inhibitors and dietary orientation. Endoscopic techniques include closure devices, such as endoscopic suturing. However, they present unsatisfactory long-term results, obtaining better outcomes in fistulas smaller than 1 cm [8••, 53] . A new option for the treatment of weight regain in gastrogastric fistula patients is the endoscopic sleeve gastroplasty of the remaining stomach [71] .
In chronic leaks and in leaks with a well-defined extraluminal cavity, EID is the best option, either with pigtails, EVT or septotomy following by achalasia balloon dilation. These modalities have presented satisfactory results in the management of these leaks [9, 20, 21, 41, 72] .
Sleeve gastrectomy
The most frequent sleeve leak occurs along the superior staple line just below the gastroesophageal junction (GEJ). There are several methods to treat these leaks endoscopically and the CSEMS and endoscopic drainage techniques are often associated with best outcomes [8••, 72] . The time of the leak, as classified in an international consensus, is essential in choosing the appropriate treatment, as suggested in Algorithm 3 [73] .
If the leak is acute (G 7 days) or an early leak (G 45 days), CSEMS are recommended. CSEMS work by covering the orifice of the leak and also shaping the stomach and treats distal stenosis [9, 72] . The overall success rate of CSEMS use was 72.8%, with a migration rate of 28.2% in one study [13] . A recent study showed that a newer stent (longer and with a larger diameter), called megastent, produced specifically for sleeve complications has led to superior results when compared to esophageal stents in the management of sleeve leaks [74] . In case of extraluminal collections in early leaks, drainage is needed (surgical, radiological, or endoscopic). During endoscopic internal drainage, it is possible to introduce the endoscope into the cavity to wash the contents, followed by the introduction of double pigtails or EVT [9, 21, 41, 72, 75•, 76, 77•] .
For the treatment of late and chronic leaks, stents are not effective and therefore endoscopic internal drainage is indicated, either through septotomy followed by dilation with achalasia balloon, pigtails, or EVT. The septotomy should only be performed if the presence of a septum between the perigastric cavity and the gastric lumen is identified in order to allow communication between them and should be followed by pneumatic balloon dilation in order to treat strictures and axis deviation of the sleeve, reducing the intragastric pressure [9, 72, 75•, 76] .
Lower GI leaks
Anastomotic leaks that occur after colorectal resection, such as ileoanal anastomosis and mesorectal excision with coloanal anastomosis, are associated with significant morbidity and mortality. Distinguishing an anastomotic leak from a postoperative abscess can be challenging. The prevalence of this complication varies from 3 to 22% [4, 78, 79] .
The distinction between free and contained anastomotic leak is important. A free anastomotic leak with peritonitis and sepsis must be treated surgically but patients with contained leaks may benefit from percutaneous or endoscopic drainage. A diverting ileostomy can be used to decrease the adverse events associated with anastomotic leaks [1, 78, 80] .
Despite lower success rates, endoscopic therapies for lower GI leaks are similar to defects in the upper GI tract, and some of the same principles must be followed, including exploration and drainage of cavities close to the leak. It is difficult to make comparisons between techniques for treating lower GI tract leaks because of various definitions are used in the literature [78, 79] .
The use of cap-mounted clips for small leaks is common worldwide, with variable success rates cited in the literature. As opposed to clipping techniques, SEMS are not often used to treat lower GI leaks; however, some groups showed a high success rate, with or without diverting ileostomy [78, 81] .
Endoscopic drainage therapies, especially EVT, present better results, and often are the best option in cases of contaminated collections. The early initiation of EVT and the presence of enteral diversion are factors that favor treatment success. This is successful in 79% of patients; however, patients that undergo early treatment or have enteral diversion have success rates of over 90%. As in any other treatment of leaks, neoadjuvant radio/chemotherapy becomes a challenging problem to close the leak [82, 83••] .
The use of tissue adhesives such as glue fibrin has also been described with variable success rates and frequently requires several reinterventions. However, it still presents better results when used in combination with other therapies. Cyanoacrylate can also be used and has stronger adhesive properties than fibrin tissue sealant, and the efficacy for closures and leaks is well documented [52] .
Management of gastrointestinal fistulas
GI fistulas can occur after surgery, but they can also be caused by inflamed tissue (inflammatory bowel diseases), malignancy complications, and radiation therapy. They are the most difficult transmural defect to close because there is an established epithelial tract near unhealthy tissue. Reepithelization of the tract using APC or brushes is often required, as well as diversion [1, 15] .
Patients with malignant esophagorespiratory fistula are very poor candidates for surgery and are best managed endoscopically by placing CSEMS [84, 85] .
The off-label use of a cardiac septal occluder device has produced satisfactory results in the management of upper gastrointestinal fistulas, but more studies are necessary to prove the efficacy [18, 19] .
The most common fistulas are those after bariatric surgical procedures. In contrast to acute leaks, fistula does not have good results with CSEMS placement [86] . Closing devices, such as cap-mounted clips and suturing can be used with satisfactory immediate results, but late recurrence frequently occurs and remains a significant issue [53, 87] . Gastrogastric fistula closure through suturing also produces good immediate results, but the fistula recurs in more than 2/3 of patients [53, 71] .
Fistulas related to percutaneous endoscopic gastrostomy/jejunostomy (PEG/PEJ) procedures are rare and respond well to endoscopic treatment such as APC + TTSC, cap-mounted clips, and suturing [5-7, 9, 87] .
Internal drainage with plastic double pigtails stents has been placed into or through the fistula tract to divert flow into the gastric lumen. Like pigtails, EVT is being used to optimize drainage, and this leads to effective sepsis control and has been showing successful fistula closure [41, 77, 82, 83••, 88] .
The incision (septotomy) of the "septum" between the fistula and the lumen using a needle knife or APC allows internal drainage and deviates fluids to the pouch with satisfactory clinical success [9, 72, 75•, 76] .
Colonic fistula often communicates with other organs including the bladder and vagina and are the most difficult to treat endoscopically. The literature shows variable success with several devices, such as clips, sealants, cardiac septal occluders, and EVT [6, 17-19, 25•, 26, 52, 53, 88] .
Conclusion
The appropriate management of patients with transmural defects requires a multidisciplinary team. Due to an increase in the number of therapeutic endoscopic procedures including full-thickness resections and the increasing incidence of complications related to bariatric surgeries, more noninvasive endoscopic treatment modalities have been developed to treat the complications associated with these surgeries. The variety of endoscopic approaches and devices, including closing, covering, and drainage methods, is transforming endoscopy as the first-line approach for therapy of transmural defects. There are limited data to inform the development of evidence-based recommendations and treatment algorithms. The best treatment approach is based on local expertise, device availability, and expert opinion. Randomized controlled trials comparing these modalities would be helpful to guide clinical decision-making in the treatment of transmural defects moving forward.
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